ABSTRACT: This paper is a review of the present state of knowledge about the ecology of the Dogger Bank, a shallow area in the central southern North Sea. The biological situation in this region is different from other regions in the North Sea; phytoplankton production occurs throughout the year, connected with low periodicity in macrofaunal abundance and condition of fish. Against prevailing opinions, the Dogger Bank, an offshore region, seems to be affected by eutrophication and pollution.
INTRODUCTION
The Dogger Bank is a shallow water area in the southern central North Sea, 300 km in extension (Fig. 1) . About 8000 years ago, this bank was the southern border of the North Sea. Depths range between 18 and 40 m, The Dogger Bank is influenced by Atlantic water masses coming from the north and water inflow through the Channel from the south. For a long time it was assumed that offshore regions in the North Sea, such as the Dogger Bank, were not affected by environmental changes, induced by human activities. Recently, evidence was presented that the Dogger Bank is an area of special ecological conditions. These results were mainly obtained within the framework of two large interdisciplinary projects at Hamburg University. The present information for the different ecological compartments in the area of the Dogger Bank can be summarised as follows.
CLIMATE
North Sea surface temperatures from 1902-54 and from 1971-80 (Tomczak & Goedecke. 1962 : Becker et al., 1986 do not show a significant increase. Taylor & Stephens (1983) mentioned a small increase of surface temperatures of 0.3 ~ in winter and spring in the Southern Bight from 1961 to 1976. In the summer of 1990, Nielsen et al. (1993) reported temperatures of 10 to 11 ~ from the vertically mixed water at the Dogger Bank, which were similar to the overall surface temperatures of the central southern North Sea. Wind data {Seewetteramt Hamburg; pers, comm.) do not show any higher frequency of heavy storms occurring during the eighties than during the fifties. 
HYDROGRAPHY
The hydrographic regime of the Dogger Bank is characterized by a complicated regime of currents and eddies. Within the anti-clockwise residual current system of the North Sea, Atlantic water comes from the north and meets the residual currents from the Straits of Dover south of the Dogger Bank (B6hnecke, 1922) (Fig. 1) . Eddies are likely to be formed, causing areas of weak currents and increasing sedimentation. A hydrographic model run with 13 years of actual data collected by Hainbucher et al. (1986) indicates the occurrence of eddies in the Dogger Bank region. Nielsen et al. (1993) used a scheme for water column structure from Bo which shows that during summer the Dogger Bank is influenced by water masses reaching the area from the southern central North Sea as well as by those coming from the North, both meeting and mixing at the Bank (Fig. 2) .
WATER COLUMN Peeters & Peperzak (1990) and Riegman et al. (1990) investigated nutrient limitation in the central North Sea and found nitrogen to be limiting, in contrast to Si and P in coastal regions. In stratified water during summer, Nielsen et aI. {1993) found lowest concentrations of nitrate and phosphate south of the Dogger Bank as well as in the area proper; highest values were found in the bottom water north of the Bank. Liebezeit (1988 Liebezeit ( , 1993 reported high concentrations of dissolved humic compounds on the Dogger Bank as result of riverine input (Fig. 3) .
Concentrations of dissolved heavy metals are low in the central North Sea (Kremling et al., 1987; Kremling & Hydes, 1988; Fileman et al.. 19911 . In contrast, heavy metals associated with particular matter show elevated concentrations in the Dogger Bank area (Delbeke & Joiris, 1987; Schmidt & Dicke. 1988} .
SEDIMENTS
The sediments of the Dogger Bank proper are fine sands with large amounts of shells; the deeper parts around the Bank are muddy fine sands /Figge, pers. comm. m Kr6ncke, 1991) .
Von Haugwitz & Wong (1988) find tidal currents to be insufficient for sediment transport, but storms and storm-induced currents will erode and resuspend the fine fractions of the sediments.
The < 20 ~tm fractions of sediments in Dogger Bank sediments, especially at the Tail End, contain twice as much organic carbon as those in coastal sediments (Wirth & Wiesner, 1988) (Fig. 4) .
The porewater nutrient concentrations are low compared with other marine sediments, but indicate benthic fluxes of equal importance, compared to those estimated for the Southern Bight of the North Sea ( Van Raaphorst et al., 19901 .
When compared with coastal sediments, the highest concentrations for lead and cadmium are found in the fine fraction (< 20 ~m) of Dogger Bank and adjacent sediments (Albrecht, 1987; Irion & Mfiller, 1987; Kersten & Klatt, 19881 (:Fig. 5 ). Irion & Mfiller (199GI could show, by dated sediment cores, that within the uppermost 10 cm there is an increase of 100-150 % in lead concentration in the eastern ( (Nielsen et al. [1993] modified from Bo Pedersen [1993] ) (Liebezeit, 1993) the Dogger Bank (Fig. 6b ). Kersten & Kr6ncke (1991) presented evidence that the fine fraction (< 20 ~tm) of the Dogger Bank sediments have lead levels that are twice as high as those in sediments from the German Bight. Concentrations of several organochlorine pesticides (Lohse, 1988) 
PHYTOPLANKTON
The Dogger Bank is a region of high phytoplankton production throughout the year, as indicated by nutrient distribuUon (Fig. 7) {Brockmann & Wegner, 1985; Richardson & Olsen, 1987; Brockmann et al., 1990) . Only part of the dense spring blooms is consumed (Kersten & Klatt. 1988~ within the water column; the major part settles to the sediment surface (Nielsen & Richardson. 1989}. Nielsen et al. (1993 reported subsurface phytopIankton blooms during the summer, mainly consisting of small flagellates. During the summer as well, production of grazable phytoplankton does not seem to be sufficient to meet copepod energy requirements. This indicates, in connection with high bacterial biomasses in the water column, the importance of the microbial loop within the carbon cycle. Concentrations of organochlorines in plankton are highest in the central North Sea (Knickmeyer & Steinbardt, 1989 1950 -1954 (Ursin. 1960 , Kirkegaard, 1969 : Petersen & Hepner, 1977 Birkett, unpubl, data in Kr6ncke, 1991 ) and 1985 -87 (Kr6ncke. 1990 , 1992 reveal changes in the macrofauna communities of the Dogger Bank, These are characterized as follows: higher species numbers; increase of opportunistic, short living species; decrease of long-living bivalves and a 2.5-to 8-fold increase in biomass.
The seasonal periodicity within several macrofaunal groups from the Dogger Bank does not show such distinct variations as m the coastal regions. Figure 8 shows the means of abundances for each systematic group during the period from May 1985 to April 1987. Crustaceans showed distinct seasonal variations, with reproduction occurring mainly during winter (Fig. 8a, b) . Among the polychaetes (Fig. 8c) , the Errantia did not show seasonal variations, whereas the Sedentaria were most abundant during summer. Similarly, bivalve (Fig. 8d), echinoid (Fig. 8e) and phoronid (Fig. 8f) Knust. 1992) year. If the densities were high, autumn is identified as a period of severe mortality for these groups, which, for example, may be due to intense predation by dab. In contrast, abundances of the remaining groups (i.e. vagile polychaetes, gastropods, ophiurids and actinians, Fig. 8 c, d , e and f) remain uniformly low during the study period. Figure 9 shows the seasonal variations in mean biomass and abundance of potential prey items and stomach contents of dab (I_~'manda limanda) for the northeastern part of the Dogger Bank over three years. All parameters follow a bimodal distribution, peaking in spring and in summer. The lowest values are recorded in early summer. Several macrofauna species here show higher concentrations of heavy metals ( Fig.  10) (Kr6ncke, 1987; Borchardt et al., 1988; Karbe et al., 1988; Everaarts & Fischer, 1989; Everaarts et al., 1990 ) and organochlorines (Knickmeyer & Steinhardt, 1988a, b) than in coastal regions. (Limanda ]imanda) on the Dogger Bank (Fig. 11) . Claussen (1988) measured the highest concentrations of Cd and Pb in dab compared with fishes from the German Bight or Danish waters. BOther (1988) analysed organochlorine pesticides in dab and found no decreasing gradient for several components towards the open sea (Fig. 12) . ...,.,.,.,. (Bfither, 1988) (Knust, 1990a) Knust (1987, 1990a, b) found lower condition and gonadosomatic indices in dab from the Dogger Bank, when compared with dab from the German Bight. The condition factor did not follow any seasonal periodicity (Fig. 13) . Purdom & Garrod (1990) reported an increase in fishery for haddock, cod and plaice on the Dogger Bank since 1950. In contrast, Rauck, Daan and Pope (pers. comm.) stated that the Dogger Bank had been unimportant for commercial fisheries for the past 10 years, and the above mentioned increase was negligible in relation to the whole North Sea. Sandeel fishery takes place in spring around the Dogger Bank with light gear that should not be damaging to the sea floor (Popp Madsen, pets, comm.) .
FISHERIES

DISCUSSION
The present hterature gives evidence that the ecology on the Dogger Bank differs in many respects from that of coastal regions. Primary production occurs throughout the year with maximum bloom density occurring in winter and spring. High bacterial biomasses indicate the importance of the microbial loop within the carbon cycle in the water column as well as in benthic fluxes.
In contrast to the German Bight, where macrofaunal abundance showed a distinct unimodal periodicity with maxima in summer and minima in winter (Rachor & Gerlach, 1978) , the permanent food supply might result in the bimodal pattern in both abundance and biomass, with one maximum in spring and another in autumn on the Dogger Bank. The stomach contents of dab varied correspondingly. In contrast to the German Bight, the additional supply of food in spring on the Dogger Bank might explain why dab exhibit a constant condition factor in this area throughout the year.
The changes found over the last 35 years in the macrofauna communities of the Dogger Bank fit well into the continuum given by Pearson & Rosenberg (1978) for communities under increasing eutrophication of the environment. Duineveld et al. (1987) mentioned a drastic increase of ophiurids in the whole southern North Sea, due to enrichment of organic matter. The Dogger Bank is influenced by two different water masses. The northern part is influenced by the nutrient-and contaminant-rich Atlantic bottom waters, responsible for high concentrations of total organic carbon and pollutants on the Fishers Bank north of the Dogger Bank. On the other hand, the Dogger Bank proper and the southern part are influenced by the hydrological regime of the central southern North Sea, which transports nutrients into the area from the English coast and the Channel towards the German Bight. Therefore, changes in the macrofauna communities at the Dogger Bank reflect the increasing input of organic material into this area comprised of sandy sediments. In addition, a high contamination of the < 20 Bm fraction of sediment on the Dogger Bank is present. Contamination increases along the food web via macrofaunal ingestion of the fine fraction of sediments and the feeding of dab on macrofauna.
For the time being, existing data sets for the Dogger Bank are limited and can only partly describe the ecological situation of this area. One should, therefore, intensify investigations on the Dogger Bank to estimate the elasticity of the system as a part of the polluted North Sea. More information is needed pertaining to sediment structure, sediment movements, input and resuspension of small sediment fractions, persistance of organic matter in the food web, succession of the benthic communities under increasing organic input and the bioavailability of contaminants for the organisms. 
